Gastric ulcer in swine is characterized by an area of acid-peptic digestion, occurs usually in the pars oesophagea of the stomach, and has unknown etiopathogenesis. The present work was camed out to investigate the prevalence of the newly described spiral-shaped microorganism Gastrospirillum sp. ("Gastrospirillum suis") in stomachs of abattoir pigs with and without gastric ulcer. Stomachs were removed from 32 consecutive pigs presenting apparently normal mucosa and from 32 additional consecutive pigs presenting frank, chronic gastric ulcer of the pars oesophagea. Fragments of antral, oxyntic, cardiac and pars oesophagea regions were taken from each stomach and processed for histology and for identification of Gastrospirillum sp. in tissue sections. The microorganisms were identified mainly in the mucous layer and in gastric foveolas of the antral and oxyntic mucosa. Forty pigs (62.5%) were positive for Gastrospirillum sp.; among them, 27 (67.5%) had gastric ulcer, and 13 (32.5%) had no ulcer. Twenty-four pigs (37.5%) were negative for Gastrospirillum sp.; among them, five (20.8%) presented with gastric ulcer, and 19 (79.2%) had no ulcer. There was a significant difference between pigs with and without gastric ulcer in regard to the presence of Gastrospirillum sp. ( P < 0.0 1). The spiral-shaped microorganism Gastrospirillum sp. that inhabits the stomach of pigs should be considered a possible factor connected with the etiopathogenesis of swine gastric ulcer.
Key words: Gastric ulcer; Gastrospirillum sp.; "Gastrospirillum suis"; pigs; stomach. Spiral-shaped bacteria have been described in stomachs of several types of animals since the end of the 19th century and the first half of the present century.1,7J2, 36 Because these organisms were known to be adapted to an acid environment, they were often considered commensal r n i c r o~r g a n i s m s .~,~~ Since the reported presence of a urease-positive spiral-shaped bacterium named Helicobacterpylori in humans, there has been increasing evidence that this microorganism is probably the most important factor contributing to chronic antral gastritis and peptic ulcer disease.2o A number of gastrospirillum organisms have now been described; stomachs of different animal species appear to harbor specific types of spiral-shaped bacteria. 2,9.10,16.30 Among them, a newly recognized spiralshaped, urease-positive microorganism (Gastrospirillum sp., temporarily named "Gastrospirillurn suis") was demonstrated in the gastric mucosa of the pig. 23, 32 In pigs, nearly all naturally occurring gastroduodenal ulcers are localized in the pars oesophagea of the stomach, and as is the case for human peptic ulcer disease, these ulcers are acid dependent.6J5J8. 25.26 Although porcine gastric ulcer has been diagnosed with increasing frequency since the 1950s, little is known about its pathogenesis. Excessive gastric acid production, de-pletion of the gastric buffering system resulting in prolonged activation of pepsinogens, and changes in mucus composition are said to be important factors related to gastric ulcer in swine. Feed processing, nutritional factors, stress, poisoning with high metal salt diets, among others, are also considered potential factors. 3,4,21,27,33,42 Different species of bacteria and fungi have been isolated from the gastric lesions; nevertheless, they are not believed to be involved with the mechanisms of ~l c e r o g e n e s i s .~~,~~,~~
In view of the close association of Helicobacterpylori with peptic ulcer disease in human beings and the recent discovery of the microorganism "Gastrospirillum suis," a so far uncultured inhabitant of the stomach of swine, the present study was camed out to investigate the prevalence of this microorganism in the gastric mucosa of abattoir pigs with and without chronic gastric ulcer of the pars oesophagea.
Material and Methods
Stomachs of 5-month-old apparently healthy pigs, weighing about 100 kg, obtained postmortem from the same slaughterhouse were opened longitudinally along the greater curvature and washed in tap water. The first 32 consecutive stomachs exhibiting grossly normal mucosa and the first 32 (26) 135 consecutive stomachs showing frank, chronic gastric ulcer of the pars oesophagea measuring more than 2 cm in its greater diameter were collected for the present study. Thus, stomachs exhibiting discrete epithelial changes, acute or superficial erosions, or just scars in glandular or nonglandular regions were excluded from the study. It was necessary to examine the stomachs of 253 consecutive animals to obtain the 64 study specimens. Twelve fragments (1.5-2.0 cm long) from the same topographical areas ofthe antral ( n = 4), oxyntic (n = 4), cardiac ( n = 2), and cardiac-pars oesophagea ( n = 2) mucosa were taken from each stomach, fixed in Bouin's fluid, and embedded in paraffin, and several 5-pm-thick sections were obtained from each block. Sections from all blocks were stained with hematoxylin and eosin for routine histology, and sections from two different areas of each type of gastric mucosa were stained by the carbolfuchsin method for identification of spiral-shaped bacteria as previously described. 34 The histologic pattern for the diagnosis of inflammatory reaction in each section was based mainly on studies of gastritis in human beings.44 Inflammatory reaction was considered to be present when a diffuse inflammatory infiltrate or multiple foci of inflammatory cells, mainly lymphocytes and plasma cells (including or not including eosinophil and neutrophil polymorphs) were detected in the lamina propria. However, the criterion for a definite diagnosis ofgastritis was based on histologically determined inflammatory reaction in at least two of the four different areas examined in each type of glandular gastric mucosa.
Slides were examined for spiral-shaped bacteria under oil (1,000 x). The mucous layer, foveolar regions, and glandular lumina were examined throughout two sections from each area. The quantification of microorganisms in tissue sections was standardized as follows: (a) few = < lO/field; (b) moderate number = 10-50/field; (c) large number >50/field and diffusely present along the tissue section, in the mucous layer or foveolar region, and sometimes forming clusters. All sections were examined independently by two coworkers who were unaware of the animal's group and of the findings of the coexaminer. In case of discrepancies between the final results obtained by each examiner, the corresponding slides were reviewed by other members of the project to reach a common decision.
Results were compared by the x2 test.
Results
A tightly spiralled microorganism strongly stained by carbolfuchsin in tissue sections was morphologi- cally identified as Gastrospirillurn sp. ("Gastrospirillurn suis") as previously described. 34 Gastrospirillurn sp. was found immersed in the mucous layer or inside the gastric foveolas ( Fig. 1 ) in 40 of 64 pigs with and without gastric ulcer. Only occasional microorganisms were found in the lumen of gastric glands. In all Gastrospirillurn-positive cases, the microorganisms were present in antral and/or oxyntic mucosa regions and less frequently (47.5%) in cardiac and/or nonglandular mucosa. When present in the latter areas, the microorganisms could also be found, and usually in larger numbers, in the antral or oxyntic mucosa. Only a few microorganisms were found in the cardiac-pars oesophagea mucosa in most cases. The bacteria were found in small numbers in the oxyntic mucosa of 50% of the positive cases and in moderate/large numbers in the remaining 50%, whereas they were mostly present in large numbers in the antral mucosa (Table 1) .
Among 253 consecutive pigs examined, 32 (12.6%) had chronic peptic ulcers of the pars oesophagea of the stomach that were > 2 cm (Figs. 2, 3 ). Frequently, the surface squamous epithelium in the ulcer region was completely eroded away, and conspicuous layers of necrosis, infiltration of inflammatory mononuclear and eosinophilic cells, and basal active granulation tissue were observed (Figs. 4, 5 ). All the ulcerative lesions were confined to the mucosa. Among the 40 Gastrospirillum sp.-positive pigs, 13 (32.5%) exhibited a grossly normal gastric mucosa and 27 (67.5%) had gastric ulcers. Among the 32 pigs with gastric ulcers, 27 (84.4%) had the microorganism in the gastric mucosa and five (1 5.6%) were Gastrospirillurn negative. There was a significant difference (P < 0.01) between pigs with and without gastric ulcer in regard to the presence of Gastrospirillurn sp. (Table 2) . 32 32 64 (1 00) ( Gastritis was present in pigs with and without gastric ulcers and with and without Gastrospirillum sp. Gastritis was found separately in each type of gastric mucosa or simultaneously in two or all three types of glandular gastric mucosa, and it was often more conspicuous in the cardiac mucosa and less severe in the oxyntic mucosa. There was no association between the different types of gastric mucosa harboring Gastrospirillum sp. and gastritis (P > 0.05). In most cases, the Gastrospirillum-positive mucosa from the antral (20/ 29, 69.0%) oxyntic (25/32, 78.2%), and cardiac (12/ 19, 63.2%) regions were morphologically normal.
Discussion
Spiral microorganisms in the gastric mucosa were first reported in the 1 8 9 0~. ' ,~~ Most investigators be-lieved that gastric microorganisms should be adapted to the gastric microenvironment and should not promote gastroduodenal disease until H. pylori was reported in human gastric mucosa and associated with gastritis and peptic ulcer disease.2o More recently, many spiral microorganisms have been described in stomachs of different species of a n i m a l~.~,~,~J~J~ A new urease-positive spiral bacterium was described in abattoir pigs, and a possible pathogenic role was tentatively attributed to it because swine exhibit naturally occurring gastritis and peptic ulcer of unknown rigi in.^^,^^ The existence of gastric spiral bacteria associated and not associated with gastritis has been frequently reported in different animal specie~.~,~.' 1, 13, 30 Two main morphologic types of these microorganisms, the Helicobacter pylori-like bacteria and the tightly spiralled bacteria (Gastrospirillum sp.), have been described, and it seems that the former rather than the latter are more commonly associated with gastritis. The spiral organism H. mustelae present in ferrets and other spiral bacilli present in cheetahs (Acinonyxjubatus) have been reported to be associated with active ga~tritis.~,' 1, 13 Nevertheless, most of the cheetahs with severe gastritis had a Helicobacter sp.-Gastrospirillum sp. mixed infection, and only one among seven cheetahs with only Gastrospirillum infection had severe gastritis. Although some degree of association was previously found between "Gastrospirillum suis" and mononuclear inflammatory cell infiltration in the antral mucosa of pigs, there was no correlation between the severity of the inflammatory reaction and the number of the bact e~i a . *~,~~ In humans, the intensity and activity of gastritis have some correlation with the number of H. pylori in the gastric m u c o~a .~' In the present study, no association was found between the bacteria and gastritis. Nevertheless, the diagnosis of gastritis in each type of gastric mucosa was based on the presence of inflammatory reaction in at least two different areas out of the four examined. Furthermore, we found a more striking inflammatory reaction in cardiac mu- cosa, in which bacteria were found in smaller numbers, than in the antral or oxyntic mucosa. These findings indicate that each gastric spiral organism has a particular way of interacting with gastric epithelium of each animal species. In pigs, Gastrospirillurn sp. does not seem to elicit gastric inflammatory disease, and therefore other causes of gastritis in these animals, including different microorganism species, should be investigated. Contemporary classification of Gastrospirillurn sp. organisms is not settled. A recent report has suggested that many Gastrospirillurn sp. may in fact be helicob a c t e r~.~~ Most investigators consider swine gastric ulcer to be dependent on acid-peptic digestion. Except for the type of epithelium affected, the morphologic pattern of this ulcer is similar to that of the human lesion. In pigs, ulcers are usually localized in the same area of the stomach (pars oesophagea), whereas in human beings peptic ulcers are mainly localized in the duodenal bulb and less frequently in the prepyloric mucosa or in the body of the stomach. This pattern implies that peptic ulceration of the gastroduodenal mucosa has preferential sites in each species and are more constant in pigs. In addition, porcine gastric ulcers have the same general pathognomonic inflammatory changes observed in human disease: a superficial layer of necrotic debris that may be discrete or prominent depending on the enzymatic activity. Depending on the depth of the ulcer, a large number of degenerated inflammatory cells can be found. Beneath this layer is the zone of active granulation tissue and a more solid fibrous or collagenous scar of variable intensity. Morphologic similarities between porcine and human ulcers do not imply a similar pathogenesis, although some coincident mechanisms of these multifactorial diseases should be expected.
Although swine gastric ulcer has been described with increasing frequency since the first reports in the 1950s, its etiology remains obscure. This pathologic condition occurs in all breeds regardless of age and sex and seems to be an important cause of animal d e a t h~.~J~~~~ In the long list of putative influencing factors in its development that has been proposed in the last 40 years, different species of fungi and bacteria isolated from porcine gastric ulcer have been considered, and none of them have been designated the causal agent. 35, 41 In the present study, Gastrospirillurn sp. was found in 84.4% of the pigs with frank gastric ulcer of the pars oesophagea. Only the carbolfuchsin method was used for identification of Gastrospirillurn sp. Hematoxylin and eosin staining does not demonstrate this bacterium well, and the microorganism cannot be cultured except in gastric mucosa of susceptible animals.
Gastrospirillurn sp. was occasionally found in the cardiac-pars oesophagea region. It was mainly found in the antral and oxyntic areas of the stomach where ulcers in pigs rarely occur. Therefore, if this tightly spiral-shaped bacterium has any role in ulcer devel-Vet Pathol 3 2 2 , 1995 opment, it should be via a direct or indirect influence on the antral or oxyntic mucosa. In humans, gastrinproducing cell (G cell) hyperfunction is one of the possible explanations for the pathogenic linkage of H. pylori with duodenal ulcer.14J7,22,31 Basal and meal-stimulated gastrin release in pigs with gastric ulcer are not altered (J. C. P. Silva and A. J. A. Barbosa, unpublished data). This may indicate a lack of relationship between G cell function and gastric ulcer in pigs or a lack of relationship between Gastrospirillum sp. and G cell function in pigs with gastric ulcer. However, the presence of a large number of tightly spiralled bacteria in the oxyntic mucosa, frequently in close proximity with parietal cells as seen in pigs and in other animals studied thus far, may directly affect the functions of oxyntic gland^.^,^^ An increase of gastric mucus with free acidic groups has been reported in pigs with gastric ulcer. This could be accompanied by an altered resistance t o acid hydrolysis, and the ability of mucus to protect the mucosa may be reduced. 6 In humans, alterations of mucus integrity has been recently considered as a possible disturbance linked to peptic ulcer disease and H. pylori i n f e c t i~n .~* ,~~ It is not known whether Gastrospirillum sp. has any influence on gastric mucus production.
Gastrospirillum species may colonize the gastric mucosa of pigs only as commensal organisms. The gastric environment associated with gastric ulcer disease may favor colonization by this microorganism. Further studies on the metabolic activity of these bacteria and on their relationship with the different components of the gastric mucosa could expand our knowledge about the pathogenesis of swine gastric ulcer, an important pathologic condition in veterinary medicine. The present results indicate that Gastrospirillum sp. should be considered a potential factor related to the etiopathogenesis of the gastric ulcer in swine.
